Cell type-specific functions of the lysosomal protease cathepsin L in the heart.
Deficiency of the lysosomal cysteine protease cathepsin L (Ctsl) in mice results in a phenotype affecting multiple tissues, including thymus, epidermis, and hair follicles, and in the heart develops as a progressive dilated cardiomyopathy (DCM). To understand the role of Ctsl in the maintenance of regular heart morphology and function, it is critical to determine whether the DCM in Ctsl-/- mice is primarily because of the lack of Ctsl expression and activity in the cardiomyocytes or is caused by the additional extracardiac pathologies. Cardiomyocyte-specific expression of Ctsl in Ctsl-/- mice, using an alpha-myosin heavy chain promoter-Ctsl transgene, results in improved cardiac contraction, normal mRNA expression of atrionatriuretic peptide, normal heart weight, and regular ultrastructure of cardiomyocytes. Epithelial expression of cathepsin L2 (CTSL2) by a K14 promoter-CTSL2-transgene resulted in rescue of the Ctsl-/- hair loss phenotype. In these mice, cardiac atrionatriuretic peptide expression and end systolic heart dimensions were also significantly attenuated. However, cardiac contraction was not improved, and increased heart weight as well as the typical changes in lysosomal ultrastructure of Ctsl-/- hearts persisted. Myocardial fibrosis was detected in all Ctsl-/- mice irrespective of transgene-mediated cardiac Ctsl expression or extracardiac CTSL2 expression. Expression of collagen 1 was not enhanced in Ctsl-/- hearts, but a reduced collagenolytic activity suggests a role for Ctsl in collagen turnover by cardiac fibroblasts. We conclude that the DCM of Ctsl-/- mice is primarily caused by absence of the protease in cardiomyocytes, whereas the complex gross phenotype of Ctsl-deficient mice, i.e. the fur defect, results in additional stress to the heart.